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‘this report deals with research results obtained at ~~~ Center for

Ua t l ieniat ical .  Fystem ‘l’Iieory, University of FJ or ld ,a , Uainesvii le, FL 32611 in

t h i n  f301d of ’ mathematical syst em L }ie ry . Special en~ }1asis was given to the

[ollowing areas :

(1) l inear system theory over a f i e l d :  parametrization of multi-input,

multi-output systems and the eeom’~Ln i c  structure of ’ classes of systems of

constant dimension.

(U’ ) Li near systems over a rino: ‘te vr l tnpmo n t  of’ th~ l: i i ’~ory for very

“ ii ~eral classes of r im-s.

(3) TI oilinear system L1i. ‘ry : b a s i c  p r e l ” ’r t i  es of polynomial (d i sc re t e—

time) systems and their reali za~~:Lon theory.

The present report is only a brief summary of’ findings , which are far too

tec ’:encal to he explained in a f e w  pares. The results are being rrad.ually

published in the open l i terature .  For details , r e f e r  to previous proposals

r to the publicat ions iist ;ed ‘in the references.

“ lie  urn -r am is  expected ‘to continue, t h e  bulk of e f for t  now being devoted

to nonlinear problems .

i OdD EFIS OF ‘Lh~ U RE°ORT ARE NOT TO BE CONUTEI TED AS AN OFFICIAL

P ~~~~~:‘I PR hF’r’ P O F I l I O G , I IULI ;US  SO DESIGNATE D BY OTl~~R AUTHORIZED DO~~JHUN T $.
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a . ‘ I i  ,cI iii cal work.

l~c wor k siipp oi ’t ’ ‘ ‘ I w i ) ’  ‘ this  gran t I s ( f i t  a ‘in I’ : , ’ advanced matbemati cal

levI) ) , r equ ic in ’ ’  ex te t i s  I v ’i t ’~~i l tn ic a l  i ’a ek r r ewt ’ I  on the part of the reader.
[ ‘he l’l’e sent “~t ’n r t  is :1 n~~’ii ite .i only as a atide for those interested in ~‘ettin . ’

acqu ainted iii depth w i t h  the results obtained.

Per a relat:ively If lelnentary introduction, the following two sources

.~~~~“ i - u . ‘;e sted

(:L) ‘Pie revi ew sections of the research proposals in 19714 , 197%, and

i i ” .

( i i)  Chapter 1 ot’ Ue nLa ~” d isser ta t i on (See U ’ Fl JA F [ 1976d]) .

‘~~~°w are some h is tor ica l  eorsnent s about t I~e evolution of’ the research ,

w it h  p r i e f s o  references  to already published results .

‘~L :ebraic theory of ’ linear systems. ‘i ’Iie principal e f fo r t  here was to

‘1eserib ’~ classes of systems of’ conctant di mension 1’r ’m  the point  of view of ’

a L -ehra:i c — ‘nime t ry and ‘fe relate ‘i to  result 5 iUi - n’ i i’t ed A:’ q’n s t i ’  ‘ns I nvolvinr

the tran~ t’nr ’— f’un c ti  on description of’ linear sys t’~sr .  In re ‘as I to ~ne f i r s t

~~t e s t i o n , n anl~,’ ideas of’ the ‘‘ r incipal  ‘Lnvesti ’at’ ,r  are s’;:a’sar i zed and extended

In O. ’ : ’ I 1 ) ’ J C F r U F .  and KA I , T LA,U [19(( 1; t h i s  paper is followed Dy mere detailed

iu n o s i  tion by IIA2ILI’ ) I I FI’D’F himself (Erasiw,is Un iv er r ~ t of ’ “, oti e ’ I a m  report ,

“i I n  i a t ) ’i i shed)  . ‘Gte second ~iuestiori involves a lar -e amount of unpublished

w rU Dy IF’, PUT whi ch s now e ’ i oj v J  - into a res ’~aj ’sl u i u ’  -ra ’p) i (see also

leeturo notes at Royal ins t i tu te  of’ Technolo ‘p . Utockholm ( 1975) as well as

at . “s~ ss ~~ ‘ ‘  i’~ra,l nst ; i Au to  of ’ ‘rechuology , dir’) ch ( i n 7 r 77)) . Closely related

to I sir  i ,n t h e  work of’ I EAU ’WS and ) iI’TI P IAI H ’J [ 1) 9  ‘ ‘H
i F  near sy stems over rin’:s. ‘The e’ir,t’) or irk of’ U it ‘ ‘!T’ \ ! ’ ’tU and

1( f I I C I J A I p u i J  Qud i’[IThJb has been vi ‘or e l i r ly  c ’ ’i tf  [ ‘ i n ’ s )  mid ‘‘xt eii i ’~ i liy UP T’J ’FAG

I ‘ ) ( U . 191’ a— ri . ‘f’hri l as  t paper  ‘is a I n t a f  . ‘ I  a n i  4 i i f . , r i ’ ~ I in t roduct ion to

w rE I n F I area , at I f ( C )  ‘‘ en ter  a n t  r ’ l  sew1 ‘ ‘ I ’ ’ ’  • ‘t n f  i i  ‘~~ ‘ r ‘ i f  19’f r ~ . A certain

re r’rpie 4 ;:ion ef ’ th e  t n ( s)  I”/~~ ’Jfl,5. i’ec ent l” ;  rtm’osip l .1 s F ’  I h p’ ,~ . i ! .  ‘FAT ’ N i  and UPN ’i’A ’l

F 19 f  (1.
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Algebra:) c th eory 01 ’ t~onli near systems . ‘no u~’iri e t ’~’ort I i ’~~’C was the

dissertat ion ci’ F i l l  L f I  [ 10( 1 1, -fosic of ’ L Ie simp ler results 0f’ which have  already

been published in  A F’TT AU and U ) i ] CI [AJ FlAi l [ 197~ I.  The I: ~~ in  results of UF1 J ’A~

concern the deI’init:i a of ’ a sli~tht ly r estx ’ ,i et c-a class ‘if’ poi ,’i tonual ( i i  c er e t e —

time) systems f o r  wh :i ch an 1e ant and al ‘( ( I ,  i ’ai ‘n l I ’i  : 1 c c - A  I ‘in realizati  on

theory can be developed . ‘ l u l l s  woi ’k opens up (wi sp’ t in y  ~ii ’ o i , J  wn i  ch a L  ow

the application c- f f’td va l i ced  tools fr oi :i all ‘o l ir n i C ‘ ‘ ‘ s c - t r y

Independently of this work, the Principal lri v ec - t ii ’ator has solved a

problem open since l9iFD by i ’-iving a canonical r o a l i z a f  i i i  for  b i l i n e a r

response functions.  Fee K LT’lAi I [ 19771. ‘h i s  ~“su1, $ , coupled w i t h  the  prouf

of the uniqueness theorem for canonical realizations (S ee  U ) iI’FA ” )  [19 ( J ) )  ~~
probably the f i r s t  t ime  that system-theoret ic  n e t h i o l s  hav e provided a complete

insight into a class of nonlinear problems . ( ‘~‘i±e w . 1 1  known theory of the so-

called internally bilinear systems , in the sense of 1FF CIli’IT T , iF FL U f , FLIL ’: -U ,

et c . ,  has not yet reached this stage.)

b. Personnel supported under the grant.

Prof. R. U. Kalman (Principal Investigator)

Dr. 1. Sontag (pre and then postdoctoral student)

Mr. T. Matsuo , Y. Yamamoto, F. Hamano (predoctoral fellows)

c. Visitors at the Center for Mathematical System Theory (in part

supported from grant funds )

19 75/76 Mr. A. Antoulas, El’!) dIll-rich (6 weeks)
Prof. ~I. L. J. h lautus, FlincThoven Technological University (6 months)
Prof. N . Ilazewinkel , Erasmus Univers i ty,  Rotterdam (2 months)

Prof. [.1. Ileymann , Technion , israel (11 months , sabbatical leave)

Prof. S. K.  [l i t t e r , MIT (2 weeks)

Fr .  Y. Rouchaleau , Ucole des Mines , uris  (6 weeks)

Dr.  0. Ilonnevend , h iunr a r i an  Academy of Uciences (10 months)
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19 ‘5/76 ‘1 ’ ‘rtc-i’ ‘ t:;

I ‘so t ’ . N. 1!. ~laeol,s ,  i i i  ( i l r i iv e  rd f,y of ’  the Wi twatersrand)

Is . U. I. Naccus (1~ u i versi t pr of Texas)

Tic . B. P. P~~L’uii ari (Australian National University)

hr. T. ~J. Tarn (Wa shington University)

Prof. H. ‘I’okuniaru ( Ky i ’t o  Univers ity )

t9(i /( 7 Prof. F. U. ‘f r ’ x ’k ’it t , Harvard IJfli VOrSit / ( s a h l al ,i cal leave; 5 m ’c itms )

Pr.  N. Fliess, University of Paris (P weeks)

Dr. V. Ku~ era , Czechioslovakian Academy of’ U c i e i i e e s  ( f ~ months)

Dr.  H . D. Sontag, (Postdoctoral Fellow, 11 months)

Ih orter Visits

Prof. [‘I. Kamen (Georgi,a Institute of ‘[‘echnolocy)

Prof. ii. Sussmann (Rutgers university)
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